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(UNCLASSIFIED)  ABSTRACT 

Wind  tunnel  force  tests  were  performed  to  determine  the  influence 
of  varying  afterbody  length  on  the  aerodynamic  characteristics  of  five 
slender  cone  cylinder  flechette  models.  The  test  was  performed  in  the 
supersonic  wind  tunnel  No.  1  of  the  U.S.  Army  Ballistic  Research 
Laboratories.  Force  and  static  stability  parameters  were  detemined  at 
Mach  numbers  1.5  to  4.0  at  nearly  constant  Reynolds  numbers.  The 
results  are  presented  and  compared  with  theoretical  data  obtained  from 
supersonic  small  disturbance  theory. 
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(OONFrDEJmAL) 


1.  INTRODUCTIC;; 


Konapinninf’  very  slender  bodies  oi*  revf'luLit.n  were  stabilized  in 
the  past  primarily  by  an  array  of  tail  moiinted  t’in?.  These  f inn ,  how¬ 
ever.  i’.avo  viused  rearv  problems  sir.oe  they  have  been  in  use.  They  are 
rs'ialiy  v!'  a  wenh  structure  and,  therefore,  prone  to  be  damafjed.  Ec' ti 
I’rcrr.  this  ioint  of  view,  mass  stabilization  appears  to  be  advantageous 
’,vor  fin  stabilizatior. .  Interest  has  arisen  recently  in  the  technique 
of  mass  stabilizing  these  bodies,  referred  to  as  flechettcs. 

rherefore,  an  invest iyiticn  v,,s  initiated  by  th.,-  U.E,  Army 
‘Munitions  i.'c.mr.and,  Fi.catinr.y  Arsenal.  O'Keefe  and  '.-.’aEsenrann^  fourd 
fre:,i  a  literature  review  that  the  most  promising  flechotte  'onfigurations 
consisted  of  8  to  10  caliber  cones  with  a  short  afterbody  c  '  1.5  to  3-0 
calibers  in  length.  They  further  determined  the  optimam  cen  for  their 
put"poses  to  be  8.85  calibers.  Having  their  choice  narrowed  d  r.  by 
these  findings,  the  investigators  contacted  the  Billistic  Rese.'dt 
Laboratories  (BRL)  at  the  Aberdeen  Prex'ing  Oround  and  ashed  char,  the 
E.xtc-ricr  Ballistics  Laboratory  perforrr.  a  wind  ttmncl  force  test  on  fi\e 
fleohette  models  at  Mach  n'dtbers  between  1.5  and  4.0  in  order  to  deter¬ 
mine  the  influence  of  the  varp-ing  length  of  the  afterbody  on  the  aero¬ 
dynamic  characteristicc  of  the  f lechettes . 

The  test  was  performed  in  July  1^66,  and  the  results  are  published 

in  this  report,  furthermore,  they  are  also  compared  with  theoretical 
2 

data  ,  obtained  from  supersonic  small  disturbance  theory. 

Apart  from  this  program,  a  free  flight  investigation  was  conducted 

3 

in  the  range  of  the  Exterior  Ballistics  Laboratory  .  Thirteen  rounds 
of  the  shortest  model  version  (configuration  l),  measuring  0.2  inch  in 
diameter  at  the  base,  were  fired  in  February  1967  in  order  to  obtain 
aerodynamic  data.  Seven  of  these  rounds  yielded  good  results  and  were 


included  in  this  report  for  comparison.  ~  -■ 

Earlier  experimental  work  on  cone  cylinders  was  published  in  195L 

by  L.  E.  Schmidt  ,  who  investigated  the  dynamic  properties  of  pure  cones 

5  - 

and  cone  cylinders,  and  by  W.  E.  Buford  and  S.  Ehatunoff',  who  studied 


CONFIDENTIAL 


1  ^ 


CONFIDENTIAL 


the  eft'cots  of  fineness  rutio  and  Mac>i  n.s-i  ei-  f:  ‘he  iicrral  forer-  rmd 
the  ocr.t‘'r  of  fressnre  of  cone  yllnlorn.  nic  ■•‘;-r''nt  data  provid'- 
additional  infortration  on  the  flow  past  :or.c  :  y  ‘ o  dors  for  confitnjratior 
not  investii^ated  proviotisly. 

(UKCL/U'CIFIED)  2.  EXI^:RIM;r;TAL  r.“T,rTl  :Ai f  h 

The  tests  were  corduoted  in  the  Cup- r sen i,:  .-.'Ind  Tnr.nel  he.  1  of  'h' 
Exterior  Ball’stiea  I-.ior'itory,  Phi. 

2.1  E'.|uipir,ent 

The  supersonic  •rind  tunnel  Ko.  1  is  ecntinnuusly  operated  and  h'is 
a  closed  circuit.  The  test  sectiori  is  It  inches  and  13  inches 

wide,  and  the  anj^le  of  -ittack  rani^es  fre:-.  -  LO  t'..i  ■'iP  decrees,  risyire  i 
sho’ws  a  picture  0“  the  test  section  •with  th'  rr.od-  ;  (Oonfieur ition  l) 
Inst.alled.  The  flexible  nossle  is  calibr'J.ted  f.  r  Mach  r.'ic.bers  Let-wee 
1.5  :ind  5.0;  acce.*"acy  of  the  calibratioi.  is  ±  v  .  M.  al  solute  error.  The 
RejTiolds  niLT.ber  can  be  varied  bet-ween  Oi.l  x  lil  and  ■'!,<  x  i'^  per  li.chi  ; 

A  three  component  strain  gat-e  balance  ’was  used  in  the  test  to 
detect  the  aerodyn-rsic  forces  acting  on  the  r.odol.  Its  load  cap-icities 
are'  cp/-. 

’r-'rrnal  force  12  lbs.  between  G^C7S 
Axial  force  5  lbs.  .  .  ..t,-.;- 

The  external  dimensions  of  the  balance,  belongint*  to  a  set  of  eiglit  arc;  . 
given  in  Figure  2. 

For  determining  the  contribution  of  the  base  pressure  on  the  -ocial 
force,  the  base  pressure  was  measured  through  a  1/10  Inch  diameter 
flexible  tube  and  monitored  by  a  pressure  transducer  of  -ippropriate 
range. 

The  model  dimensions* are  given  in  Figure  3*  All  five  confiipiratlcn 
consist  of  the  same  ceme,  measuring  8.8';  calibers  in  length  and  l  .ly  Jnct 
in  diameter  at  the  base;  Th^:’ cylindrical  afterbody  varies  in  length  froa 
1.5  to  3.5  calibers.  ^ 
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2 .2  Procedure 

The  test  schedule  and  the  test  conditions  arc  i;lv'r.  it:  the 


ing  table 
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Ai'ter  the  flcvt  vis  established,  the  s’^undard  procedure  viz  to 
record  the  aorod^e.^u•.ic  forces  every  fvill  de.'r>  e  arcTle  of  attack  be.';it.- 
nine  v;it.h  the  ttioxitnuri  an.^ie  (11  )  and  pro  ere  din.'',  to-.-rirdr.  Its  r.inir.ur:, 
value  (-6'^).  A  sero  'in.''le  of  att-icV;  reference  check  is  made  at  the 
becirinif!:;  and  at  the  end  of  each  tost  run.  To  obtain  isore  test  poir.ts 
for  the  determination  of  the  derivatives  ox'  norrr.al  fercc  and  pitohiuc 
moment,  readincs  were  taken  every  half  degree  betvfeen  plus  and  minus  tve 
decrees.  Schliere:.  photecrephs  were  taken  at  scro  degree  angle  of 
attack. 

2.3  Data  Reduction 

The  data  were  reduced  on  the  B.IL.  coiXiputer  (ORDVAC)  usin.g  the 
standard  program  for  three  component  measurements.  The  derivative  of 
the  norT.ial  force  at  zero  lift,  averaged  analytically  and  graph¬ 

ically  from  seven  test  points  between  +2  and  -2  degrees.  The  analytical 
method  employed  to. obtain  the  derivative  was  that  of  least  squares.  The 
results  of  both  methods  were  compared  i.i  order  to  eliminate  crroncotis 


test  points  affeetln'*  the  least  squares  lit. 

From  calibration  data  and  repeatal'il.i  ty  -■■'Stn.  the  accuracy  of  • 
data  was  estin:at''cl  to  be  bettor  than  '  .  -.'t  and  t  .  L  al  solut*--  nj-ror  jn 
the  normal  and  axial  force  coeff’'’''-’  roEnc- ’f.  vo  !y  arnj  w.l  caiilnrc  in 
the  center  of  pressure.  Ihe  derivative  of  ‘'.r:  .aomal  force  noof fi 1  e:. t, 
was  found  to  be  accurate  wit.l.in  of  its  '..aLue. 

All  anqles  of  attack  tiave  heon  corro-.-t*  d  f.  r  s- rut  dof  iecticr.  d'c 
to  aerodynamic  load  and  for  the  flow  In'- i!  nation  the  tunnel. 

('JKCiAssiFiED)  3.  THECEETicAL  Ti-j;:  icri::; 

Extensive  theoretical  studies  of  tr,--  sart  r-soni-;  flow  past  "cne 
cylinders  ha/i  been  made  at  the  FRL  by  Ci tin.'c  r.  'iicce  and  C-.rt'-r’  h. 

19'ia  csinit  the  rr.e'h'Jd  of  characteristi  .-s .  .■'■irir.c  ^  re  oast  few  jf/'-rz. 

2 

R.  L.  McCoy  has  been  providing  rredictiot.s  or:  c  cylinder  mod- 
based  on  supersonic  small  disturbar.ce  tl.<or-y.  Vf.in  latter  method  avoids 
the  dis-idvanta^tos  of  the  method  of  charaetorls*  I -s  (laVoriovJC  ar;d  ti:  • 
consuming)  and  yet  provides  adequate  accuracy  fer-  :.-.os‘  pr-icti  ral  ’  •..■.■■s. 

The  current  computational  scherriC  is  lasru  cii  Van  Dyke's  hybrid 
fl 

theory  .  It  consists  of  a  second  ord<"r  soh.tion  for  the  axisyrmet 
flow  past  slender  bodies  of  revolution  or. to  whli'h:  a  :‘irst  order  an.  ro:-;:- 
mation  of  the  cross  flow  is  superim.posed .  Thic  invisoid  flow  monel 
yields  a  pressure  distribution  that  is  ii.ti  -rated  at.d  resolved  into 
tiomal  and  axial  force  components ,  The  me*^iiod  ins  proven  e.xcellent 
aqrecm.ont  with  the  method  of  characteristics. 

Corrections  accounting  for  the  effe-tn  of  viscosity  were  also 
iiicor{>oratc-d  into  the  prof^ram.  The  prit.cipal  contributions  of  viscosity 
at  tiu-  (ronsidered  K-ich  tiiimders  (l.5  thru  1.0)  arise  from  skin  fri  ‘tion . 
loiind-ipy  layer  thickness  and  flow  structure  in  the  near  wake.  The  jattfr 
will  influence  tiic  li.'iEe  pressure.  /  y  : 

V.an  Drlest's  theory  for  laminar  -ind  turbulent  com.pressible  bo>mt  '*-"y 
layers'  was  selected  for  the  calculation  of  skin  friction.  Cliapm.an's 

lU 


and  Fltornbci'f;'!'. ^  ^  t-.h'‘i'rios  wrro  ■■hos(  (!  *f  ?■(  tain  a  j.rr  dir;tion  of  tl:* 

I  iFO  prrEr'.M':-. 

(liriCLAf.’ i;  isr')  ■>.  PSf'ilin 

i'ho  t'Xfa'ir.'.  i.ra  i.  r.-a-.'.f-s  of  th*-  v.:ii;a  i  ai-e  }  n  zciit-  n  • 

tv;,)  .i.'ja";jc  'f  .  I:;  th‘V  first  .-'t-'a;,  .  •!'.  ia;:i  -  a>  rodynair.i',;  a-cei 

fioionts  a !■''  vlntted  vornis  •iturl*-  of  attai-k .  ir.  f  t..-  s'  -.-ond  circui. , 

;nfi’.a  rr,:c  of  aftr*  t cdy  K  it^th  ■•.i;d  iia.d;  iiaa.l  •  ‘i.'  f-irao  and  ' 

stability  -'c- ffi  ‘.■fnts  at  .'.oro  ati!'!*:-  of  a'‘'t’.a'.  is  si  .  .-.r. .  and  tho  ■•/::' 
.'nontal  resn  ita  ai-o  ocr.narcd  vith  the  thf  c  r>  t  i. ‘al  t  r-- di  -tion. 

•a .  1  aasl.-  Aerodyr.afr.i (’oa f fj Ai  .-M-aaf  At’.aok 

The  ricrs.al  ft  roo  .•0‘^f fioie.nt .  C., ,  the  ••  atr-r  of  pressure, 

ti'.o  total  axial  forac  '-t  soro  lift.  .  a-:. a  t!>-  'ara'  r  rc.'i.^'iro  ffi 

sient.  a""  akt'oi  ve>'su.s  ar.'-lo  ■•f  i.ni;-.  p  U  nLroa.i. 

The  data  uf  one  aot,;' L-ara  t  ion  at  a',  i  M-  •!>.  i  lt.i)-  rs  ad  at  j.-'rit'tant 

Ko^'no’d.':  ntir.roi’  a.*''  asst-rl  led  rr.  a  -i-.-  t  •  ‘t.  :a  r  ot's.p ietrness  s  a:- 

ali  tost  d  '-ta  a.-'  :  frsetitcd  in  ■  i '.d  tn  '  "t  la  'cv  :;'  t...-st  r.-.  v:.c  l  !. 

rerr.bcr  (  .21'  x  i'').  Tl;'’ data  a  r-  ‘t  -:  :  i  -o  as  bac.keroui.d  : 

M-.c  stTnary  da-a  and  f-.  .-  farthi-r  it. f.  •••■:•  ;  a.  .  •  i.-  llovin;^  evri  • 
tlon,  hoveoer .  only  tl'.t  test  data  at  •!.•  ;•  •  yno] ’r  ivs'Lt r 

(0.S5  X  Id  )  have  t  en  ••■nsIJ'  n-d . 

1,.’;  Aerod'/na.t;!- •  '’o^ffi  r.ts  V' r;air:  Aft,.- ody  i'-rfth  'and  Ilaoh  .'.uti'' r 

The  inflUrnsc  of  the  afterbody  and  the  Vaah  turber  on  the  -entf  i' 
pressure  are  shov.Tt  in  ir'ii'itr'eE  12  and  It.  iiie  t-,.o  orou;.s  of  o'lrves 
represent  tv;o  reference  positions  on  tb*-  rcd'-l .  The  data  of  the  upper 
•proup  represent  the  een^er  of  pressur-  as  .-.eacur'ai  frota  the  base  of  ti. 
.r.odel.  In  the  lo-<;er  croup  the  location  of  the  T.r.  in  civen  with 
resfc 't  to  the  cotie  -ylinder  Jiu-.'-tion ,  i.e.  th<-  has."  of  th(;  .-one  alot.e 
In  “i.-pire  lU  the  C.P.  loeation  of  the  shortest  (l)  and  the  longest  (t) 
flcohette  configuration  are  compared  with  the  results  of  the  theoretic 
prediction  rrerared  by  F.  L.  McCoy”.  Some  of  the  free  fliijht  test  daf 
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of  Confii^r'iLion  1  -ire  also  in  Miidod  for  '•i  r.r 'iri  ro:; . 

The  of  af tf  *'b;  dy  ar.d  riiir.li-r  -.’ti  tlv  ri  .  i.e  of  ticrr.al 

force  ’urve  is  show  in  ri.'uros  li  and  .  :  Lr.ire  i?  :  resents  a 

coKparison  of  tlie  exi'erisi'-f.tal  data  '..-ith  fro  :f>  di  -tioii  f;  r  i','.  nfi.aif!- 
tions  1  and  5- 

The  data  for  the-  tasv.  {.rcssure  arid  ti.-;  -.1  f..  ret  arc  fiver,  iri" 

Fii’ures  To  throu.-'ii  .  T!.-  Lare  t  ressaia  ;'fi '•I>.  nt  (.  iiTare  i  ')  at.d 

the  total  axial  fore-’  ffici  ait.  (Fi-iure  v-j)  ared  ■•.iti-.  ti.e 

results  of  the  ircdioticn.  Drao  d-ita  i.ttair;e  i  frrs;  free  fli,;i;t  tests 
are  included  in  Fi^3ure  20. 

(corirffEnTLiL)  5.  Dist'rsior; 

The  prir.ary  objective  of  tl.e  >.'ir..i  tar.r.'i  tert  •..•as  to  dct-i  .Tiir.e  ti  c 
center  of  preesare  (C.P.)  positl-or.  -on  ti.e  "'odel.  a'i.'jiritn.  the  etpf-. 
data  were  obtained  rep  resent  in.-;;  the  rerair;  I:-..*  ror tio  c  o ti.c  c.oae-1 
with  re.^ard  to  lift  and  . 

ti . i  Center  of  Pressure 

The  distance  betv.-een  the  center  of  .tass  (C..i.)  ar  a  tiie  i,;enter  of 
pressure  (C.P.)  on  the  r.odel 

®  ~  ■'^CG  *  '■‘cr 

is  the  most  Import.ant  parameter  for  the  crit;initor  of  tliis  wind  tunnel 
test^.  Highest  possible  stability  is  obtaintd  ■.•i.en  Mic  distance 
between  the  two  centers  in  greatest;  that  is  to  say  that  the  C.C,  should 
lie  as  forward  as  possible  on  the  model  and  the  C.T.  as  aft  as  possibie. 

The  methed  of  stabilization  being  invesr.igatrd  is  to  add  a  light 
cylindrical  skirt  to  a  massive  cone  in  an  atterr.pt  ts  move  the  C.P.  aft 
with  only  a  slit^t  adverse  effect  on  tlv  C.d.  If  the  mass  of  the  shirt 
is  enough  to  influence  the  C.C.  significantly,  then  the  advanta.;e  Is 
partly  or  even  completely  offset. 

16 


CONFIDENTIAL 


CONFIDENTIAL 


Tlio  P'S'iltc  isi  ;  i.-:urc  12  (lower  o'.irvec)  sisuv  th-it  the  C.I'.  iro/on 
aft.  with  jt:‘T'''aSar’.,:  .'v'iir'.der  leru'th  only  hy  a  crr.ail  .amount  (O  -  ‘t.'j 
oaliter  C.'^.  c•'llJ'lor  cyilntler  leis,'th)  d<'rrr!a:In::  oi.  th'-  "aoh  number,  'tr-a 
It  can  I-’  iluded  th.  it  the  method  in  not  very  '•ff'"-  -tlv-^-  particularly 
at  th.e  l.'v.-r  I'u.'!.  V.ors  {”  =  l.t  -  . 

Ilic  ii.f  I’l.T;  !'  o;'  the  “aeh  ivualer  'r  i;-  I.;  .  1  .-.•tion  ts.y  be  se- r 

li.ii:ro  13.  here  tl;r  model  with  tb.e  shof.-  st  a'.'erhcdy  appearc  to  fce 
•i..,ivar:ta.ai.'\iE  as  t.l;G  I'.P.  location  will  .‘ba!!  i’  !■ '’.c.  amen.;  the  nodel 
serlec  durh.  •  tin  I’li  ;ht  from  hi  rh“r  to  1. ’■..••  r  r.cr.b'-’rs, 

A  corpariaon  Lotween  enr  oxper i.m.er. •  a !  ,lar.a.  Ilc'ty'c  theoretical 

o 

prcdictioi;'  and  th.c  aviiiabio  free  flicl.t  :.ost  rcauits"'  is  civen  in 
tisyiro  i't.  'Hie  experimental  data  fall  between  t.h  '  curve  for  inviscid 
flow  and  that  one  corrected  fer  itally  turhtiictit  botaidary  layer.  (Tbie 
correcticr.  for  laminar  boundary  Layer  was  !;ot  ava  I'labir  . )  In  fact,  tht- 
boundary  layer  of  th.c  wind  t’tunei.  r.odojs  war  found  t.  r-'  predomlnantiy 
1-i.miiiar,  the  transition  occurrin.;  sor.ewl..- r'-  on  r<  ar  portion  (secot.d 
h.alf)  of  the  .".'.od-  1  (sn;  also  sectiea  t.t)*  I'h---  free  fll.iht  and  wind 

*'unnel  data.  ;;..:ree  riite  we]  ,1.  and  the  diff'- '•ecces  tetv.'eer.  prediction  a:.-, 
experiment  ar-.o-jn^  to  ij'  of  the  tlcioretioal  va".  .•■.  rhe  h.^p-noMs  i.e-.h^r 
based  or.  model  diameter  rviuy:  from.  1.1  :  at  t'a  .di  her  I.";  to 

■>.1  ;<  I'-o  at  I'ach.  taur.ber  3*',)  for  the  free  ftl  ;ht  data.  The  wind  tui.r.-' I 

i; 

data  vere  meas'irtd  at  i'.early  con.atant  '<e;vr.olds  MumV-  r  (h.5  x  10''  ± 
.1x10'). 

5.2  Slope  of  the  ’iorm.al  Force  'lurve 

uie  influcn.'c  of  the  afterbody  lciu;tl.  ra  tl--  slcro  of  the  normal 
force  curve,  C..  •  (Firrure  15)  increases  with  ir..»reasinii  Mach  nu.mbcr. 

.•Q'O 

Tlie  chance  in  the  slope  of  the  fittings  ir.  M.-7ire  1>  from  zero  to 

positive  values  conbined  with  the  reversal  in  the  maunitude  of  the  value 

of  C_  for  the  shorter  afterbody  lengtl.s  has  also  been- i-.bserved  fcv  Eufv  rd 
TJey 

and  Shatunoff  in  their  investigation  of  the  effects  of  the  afterbody 
length  of  cone  cylinder  m.odels. 


vr 

CONFIDENTIAL 


CONFIDENTIAL 


The  influonoo  cf  the  ”ich  tiirabcr  I'li  C.  is  lir'ror.cf. rated  in  ri.i;r'' 
l6  and  the  data  for  the  chortest  and  tb.e  !u:i.v  c‘-  ‘'-;nfI/7!ratlon  r 'c  ccr.- 
pared  vitli  fne  prediction  in  rLparo  1,’.  Ti-e  oi-vi'.tlo.;  hetv.'oer  the  Invi 
cid  Plow  prcdictio:;  ai’.d  tl;e.  exprri:.-.cntal  data  in  Generally  less  thar.  it 
of  the  ti’.oorctioal  value  t-xeert  for  tlie  data  of  .'t  nfi.tiratlon  1  at  ar.d 
above  f!  -  •  • 

OD 

5 .3  Base  Pressure 

The  influence  of  of*er!;ody  l<'n.;th  and  Ma:h  tt.t.hcr  on  ‘-':s  rase  rf-s 
sure  are  Eiiot,Ti  in  fi.atre  1'^.  As  ti.erc  is  no  irifiaence  of  tit:  aftcrt.'dy 
lenj'th  evident  fron:  the  tests,  onjy  the  data  of  tiie  siiurtest  (l)  ana  t; 
Icnrest  (5)  flechette  confl^ration  are  p,ott,rd  versus  the  Mach  r.a-.ler 
and  the  trend  is  rerresrnted  by  one  fittir.,*,  A  •orparisen  between  tl.'- 
experimental  fir.di!4.':s  and  the  theoretical  i  are  pressure  prediction  is 
.■five!!  in  riyure  I'l.  The  predi  .-tlon  is  b"S(d  v  r:  rlcal  theories’  *  ’ 

which  presuppose  the  existence  of  a  turbulent  1  oundary  aycr. 

A  study  of  the  availallc  sciilieren  pl'.d'arec  discL  ced  tiiat 
boundarr,’  layer  was  predo!:  in.ar.tly  Ixr.itiar  on  ti;c  wii.d  tunnel  tested 
models  and  tiie  percenta,--.-  of  turhul»‘nt  boundary  layer  aion,-,  the  mode  ls 
appeared  to  increase  wltii  lii.ther  V.ach  nam.bers .  There'fore,  ti'.o  dLE.:re:- 
ancy  between  prediction  and  experiment  is  not  surprisii;m,. 

5.**  Axial  rorce 

The  afterbody  length  has  only  a  very  sliipht  influence  on  the  af;ro 
lift  axial  force  stemir.init  from,  the  friction  alon.t  the  afterbody  stirfacc  , 
and  the  data  were,  therefore,  not  shown  plotted  versus  this  parameter. 

A  comparison  of  the  results  for  the  axial  force  versus  Mach  nur.ter 
obtained  fron  free  flifjht  tests,  theoreti.cal  prediction  nnd  the  wind 
tunnel  test  is  shown  in  Fi,pure  20. 

The  free  fli.pht  dratp  data  (obtained  at  antilo  of  attack  '/aryin.-; 
between  l.f.  and  U.O  decrees)  appear  to  acree  with  the  prediction  for 
turbulent  boundary  layer  (at  zero  onijle  of  attack) . 

IB 
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Tlic  ix'-ifarir.oi!  of  the  wind  tunnel  data  wi  th  Uif  prediction  eik;) 

a  larin-ir  I'our.dar:,’-  layer  in  the  wind  tunt.el  tf  nt,  .-u.d  the  differ'^aiee 

between  theory/  and  experiment  could  tlien  be  explained  primarily  as  t 
differci  c-e  bet-weeri  ti  e  r"<-asured  and  thf  fredictetl  l  aob  pressure  ('^i  •’ 
19).  i'nc  coincidence  of  the  predicted  :ti.d  tfie  .•'■ar.ured  zero  lift  fe 
body  axial  for;e  in.  ri:".ire  19  corifirrs  ’■hat  Uiis  -xplanation  is  corr 

Ito.vever.  tl.e  f  rei.ody  axial  force  data  also  irdicate  (in  ai'reer- 

with  flow  pi'.oto-'rapiis )  ‘■i.at  the  tour.d.ar;/  '.ayer  vma  ;;t  fully  l'i.T.iriar 
the  test  and  ti.at  it  tended  to  beccr.o  more  ti.rlui-  t  ln.;rea:;i;. 

Mach  number,  "liis  may  acr.junt  for  a  scoor.dary  con*  rinution  to  tne 
differences  of  die  axial  force  data  in  Ma.-rc  fC . 


(urrciASfFiED)  6.  ooncniGtoii 

Tiie  method  of  rass  .atahi.lisinr;  cone  cylir.d'  r  flechottes  by  incre 
in.-'  the  lor.;tth  of  a  cylindrical  shirt  up  to  jj.y  caliber  is  found  to  i 
of  little  cf  fectivencss .  V.'ithin  tl.o  s-xpe  of  tl."  i 'ct.  the  most  I’av. 
able  C.P.  location  is  obtained  for  a  short  cylindrical  skirt  of  L.t  ' 
0,5  caliber  in  Icntth. 

The  experi.t.entai  '.-.•ind  tunnel  data  for  the  cont'-r  of  pressure  a. a 
with  the  theoretical  prediction  within  iM'  a.u'i  -.ith  the  available 
results  from.  free,  fli.ph*-  tests  in  the  ranoe  of  this  L.aborator:/'  witbi.. 

The  differences  in  the  axial  force  measurements  resultins;  frem.  ' 
wind  fonnel  test  and  from,  the  free  fli.^ht  rarnce  tost  are  caused  by 
different  boundary  layer  conditions. 
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Figure  12.  (C)  Center  of  Pressure  Location  Versus  Afterbody  Length  (U) 
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Figure  ll|.  (c)Center  of  Prejssure  location  Versus  Mach  Number  - 

comparison  With  Theory  and  Free  Flight  Test  Data  (U) 


Figure  15-  (C)Slope  of  Normal  Force  Coefficient  Versus  Afterbody  Length(U) 
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7ire  l8.  (c)  Base  Pressure  Coefficient  Versus  Afterbody  Length 
and  ^^^lch  Number  (U) 


Figure  19>(c)Base  Pressure  Coefficient  and  Zero  Lift  Forebody  Axial 

Force  Coefficient  Versus  Mach  Number- Comparison  With  Theory (U) 
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Figure  20.  (c)  Zero  Lift  Total  Axial  Force  Coefficient  A'ersus  Mach 
Number  -  Comparison  With  Theory  and  Free  Flight  Test 
Data  (U) 
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